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Abstract 

A baseline gaseous and particulate environment of the 
Shuttle bay has been developed based on the various measure- 
ments which have been made during the Hrst four flights of the 
Shuttle. The environment is described by tlte time dependent 
pressure, density, scattered molecular fluxes, the column densities 
and including the transient effects of water dumps, engine firings 
and opening and closing of the bay doors. The particulate condi- 
tions in the ambient and on surfaces have been predicted as a func- 
tion of the mission time based on the available data. This basic 
Shuttle environment when combined with the outgassing and the 
particulate contributions of the payloads, can provide a descrip- 
tion of the environment of a payload ^ the Shuttle bay. As an 
example of this application, the environment of the Space Tele- 
scope (ST) in the bay, which may be representative of the environ- 
ment of several payloads, has been derived. Among the many 
fmdings obtain^ in the process of modeling the environment, one 
is that the payloads environment in the bay is not substantially 
different or more objectionable than the self-generated environ- 
ment of a large payload or spacecraft. It is, however, more severe 
during ground facilities operations, the first 15 to 20 hours of the 
night, during and for a short period after water has been dumped 
overboard, and the reaction control engines are being fired. 


Introducti pn ' 

The Shuttle bay environment has been measured with the 
lECM (Induced Environment Contamination Monitors) instru- 
ments on STS-1 ,2,3,4 flights and with other monitors on ihe 
same flights and others. The measurements have been reported in 
References 1 through 4 and in other documents. The measure- 
/ ments indicate that with the exception of during certain events 
ly and periods, Vhe Shuttle bay environment is within criteria limits 
established at the beginning of the Shuttle program. However, 
the measurements do not provide a specific baseline Shuttle bay 
environment which can be used to evaluate the environment of 
Shuttle payloads. They reflect attitude changes and particular 
maneuvers designed to test and evaluate the Shuttle. 

In this paper, a generalization of the Shuttle environment has 
been carried out based on the various discrete measurements. The 
resultant baseline environment is needed to evaluate the design 
and the operational conditions of payloads sensitive to the Shuttle 
environment. The payloads self-induced gaseous and particulate 
environment added to that of the Shuttle provide the payload 
environment. This environment will be used to evaluate possible 
surfaces degradations and observational constraints on the instru- 
ments. The shuttle bay gaseous pressure, density, scattered fluxes, 
and column density have been derived and shown graphically as a 
function of time and distance from the bay. Certain events such as 
engine firings, water rejections, bay door closings and reopenings 
have been indicated for their effects on the environment. The 
\ fractional contents of certain gases in the total gaseous environ- 
^ ment have been indicated. A generalization of the particulate 
environment based on ground and orbit measurements with the 
lECM and with other ground instruments, has been carried out. 

The natural environment at orbital altitude and its tfftci on 
the total pressure in the bay and the effect on some materials' 
performance have also been included. As an example of the appli- 
cation, a prediction of the Space Telescope (ST) environment has 
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been carried out using the baseline Shuttle environment derived 
here and the ST gaseous contribution as calculated in Reference 5. 
The resultant environment consisting of pressures, densities, fluxes 
and column densities around the ST is needed to evaluate among 
others, any limitation on ST venting imposed by the external pres- 
sure and any contamination hazards. The paper concludes by 
summariziiig the theoretical-experimental gaseous and particulate 
conditions expected in any empty Shuttle bay and the conditions 
expected when a group of payloads represented by the ST arc 
included. 


Ground Environment 

The environment surrounding the Shuttle and the payloads 
(P/L) on the ground is variable and difficult to define. The number 
of particles and the non-volatile gaseous residues (NVR) from the 
environment which deposit on surfaces are difHcult to assess. 
Measurements with lECM and other instruments at KSFC in ad- 
VI nee of a number of Shuttle flights have given indications on the 
state of the surfaces previous to the flights (References 2 and 6). 
Figure 1 shows the number of particles and their size distributions 
to be found on a Shuttle surface immediately before launch and 
in orbit, as measured from the Passive Sample Array (PSA) of the 
lEOi . The orbital distribution was obtained by subtracting the 
ferry flight measurements from those corresponding to about 19 
days of deposits in the Operation Processing Facility (OFF) at 
KSFC. These particulate deposits reflect the Visibly Clean Level 1 
(V.C.L.) of Table 1 used for the assessment of surface cleanliness 
and the conditions at the KSFC facilities during the past Shuttle 
flights. The lECM cascade impactor measurements during the 
Shuttle launch portion of the flights provided volumetric particu- 
late sampUn<T of the environment. These sampling measurements 
appear to be in agreement with the indications given by the passive 
samples The passive sample particle measurements have been 
superposed on the M1L-STD-1246A for product cleanliness. The 
superposition indicates that for particle sizes up to 25 to 3C txm, 
the cleanliness level of Shuttle bay surfaces may correspond to 
product cleanliness level 300 (one particle of size 300 pm rests on 
one square foot surface). CLt 300 coverage is calculated to pro- 
vide a surface obscuration of 2.7x1 0-2 percent (Reference 
7). Other data taken in the O ? 'facility (Reference 6) have indi- 
cated fall-out of larger particles on the surfaces. The accumula- 
tion of several days appears to correspond to a surface CL-750. 
This level produces an obscuration of about 2.6 percent which is 
considered at the limit of acceptability for a large optical surface 
but acceptable for attitude control, thermal control and for solar 
arrays. The distribution of the particulates measured on the 
Shuttle surfaces does not follow the distribution indicated in MIL- 
STD-1246A. More large particles are present than the MH-STD 
would predict. Tb \ description of the particulate deposits in 
terms of that spech}cation is being done for convenience. The 
other indication of surface cleanliness is provided by deposits on a 
surface of NVR from the ambient. Spectral speeui t reflectance 
and transmittance measurements in the region of 120-2500 pm of 
the PSA monitor surfaces did not indicate NVR deposits. Reflec- 
tance and transmittance losses of less than 2 percent were mea- 
sured when comparing exposed and non-exposed surfaces. These 
losses were thought to be caused by particulates. The cascade 
impactors of the lECM which have sensitivity of 10*‘‘^g cm~2 and 
were in operation during the same time of the surface monitors, 
did not indicate Him deposits (Reference 2). Contrary to these 
indications, sample plates located in the OPF, have indicated on 
certain occasions NVR accumulation rates of 2 to 7A/day which 
could produce unacceptable deposits in a week. Regardless of the 
contradictory measurements, improvements on the clean condi- 
tions of that facility are being made and more stringent cleaning 
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Fig. 1 Passive sample array measurements: average particle size distribution from 
o STS-2, A STS-3, o STS-4 flints orbital results (total mission - ferry flight). 


procedures and inspections are being instituted. In fact, the latest 
Shuttle flights appear to show improvements in the area of cleanli- 
ness. One of the criteria for cleanliness of optical surfaces may be 
that deposits of thickness greater than X/40, where X is the mini- 
mum wavelength to be observed, should be prevented. In fact, a 
30A thick deposit of polymeric materials commonly used in space- 
craft, is estimated to produce a transmittance loss of about 23 per- 
cent in the U.V. 

In conclusion, the surface conditions of the Shuttle and pay- 
loads at the time of launch are difficult to predict. They are 
dependent on the attentions accorded to surface cleaning, inspec- 
tion and the environmental control of the ambient during the 
various stages of pre-flight. From the measurements on these ini- 
tial flights, it appears that the Shuttle surfaces before launch may 
be characterized as follows: ( 1) the surfaces may have particulate 
deposits corresponding to CL-300 to 750 with a maximum 
obscuration of 2.6 percent; (2) the NVR on surfaces mey not be 
detectable at certain locations while on others may have deposited 


Table 1. Visibly clean levels and inspection criteria for the 
orbiter payload bay, payload canister, and payloads. 


VC Level 

Illumination 

Observation 

Distance 

Remarks 

1 

>50 foot 
candles 

5 to 10 ft. 

KSC Standard Service 

2 

100 to 200 
foot candles 

6 to 18 in. 

Optional Service 

3 

100 to 200 
foot candles 

6 to 18 in. 

Optional Service: 

2X to 7X Power 
Optical Aid Permitted 
for Inspection 

VC + 
Special 

100 to 200 
foot candles 

6 to 18 In. 

Optional Service: 
Same Inspection as 
Levels 2 or S Plus 
Special Metit^gy 
Requiremefrti 


From NASA SN-C-0005A 


up to lOOA or more. These NVR deposits may leave the surface 
before the Shuttle goes into orbit. 


Shuttle Bay Flight Environment 

The Shuttle bay molecular and particulate environment, as 
deduced from discrete measurements and from the application of 
theory, is presented in the next sections. The environment applies 
to the Shuttle bay with the limited payload complements carried 
with the StfS-1 , to STS-5 Shuttle flights. As such, this environ- 
ment can be ronsidered applicable to the Shuttle bay, with 
monitoring instruments but without payloads. The gaseous 
environment was derived for a normal temperature of the bay. 

But, it can be modified, to account for other average bay tempera- 
tures and temperature excursions. 


Ascent 

During ascent, the pressure in the bay drops at a rate of about 
0.25 psi/s, as measured at the Air Sampler of the lECM on STS-2 
flight, Reference 8. Pressures in the submillimeter range were 
measured during the STS-1 flight with a gauge (V07P9084A) 
located at the mid-fuselage coordinates Xq= 863, yg«90, Zo*367, 
Reference 9. The pressures were measured in Ib/ft’ and for a 
period of 2.2 hours. Figure 2 shows the bay pressure versus time 
starting at 1 hour MET (Mission Elapsed Time) when the measured 
pressure was about 10^ torr. The outgassing of the Shuttle bay ^ 
at that time can be estimated at 4.8xl(P torr 1/s since the bay 
venting area and the conductance are about 0.48 m^ and 4,8x 
l<r 1/s, respectively. The time constant (1/e pressure drop time) 
for the bay volume of about 350 m^ is calculated to be 7,3 sec. At 
those relatively high pressures with the bay doors closed, tempoi^ 
ary deposits of certain contaminant gases can occur on some sur- 
faces, The molecular composition of the outgassing from the 
Shuttle at that time may consist of about 60 percent H 20 , 25 per- 
cent H 2 , 10 percent CO 2 and tl,e rest O 2 or other molecules. 

The particulate measurements during this period have been 
carried out with the lECM Cascade Impactors. The volumetric 
samplings, Reference 2 for flights STS-2, 3, 4 indicated conditions 
approximating the Clean Rooms Class lOOK of the FED-STD- 
209B which specifies 10^ particles of 0.5 pm diameter, in a cubic 



wiaNAL page fir 
poorquaiity 



foot. The particiilates* conditions improve with time. After about 
15 hours MET (Reference 2), the particulate environment becomes 
acceptable for optical observations. This indicates that during 
ascent and several hours after, a redistribution and settling of par- 
ticles occurs. An originally clean surface may become covered 
with particles to a cleanliness level higher than class 300-750 
thought to exist while the Shuttle is on the ground. 


Orbit 

The bay pressure with closed bay doors has been shown in 
Figure 2. The data for the early liours of the flight were from the 
measurements in the STS-1 bay. The pressure before the bay 
d<y^r of th^S-3 were opened at 2:35 MET may have been 
about 9x\Cn torr, the same as that measured in the STS-1 bay. 
/The pressure with closed doors beyond 2:35 MET were derived 
using measurements made with the lECM mass spectrometer 
(M/S) and with the gauge of the Plasma Diagnostic Package 
(PDP), ^th on STS-3 fli^t. The M/S measured a pressure of 
8.2x10“*® torr when the bay doors were closed at 167 hours 
MET (Reference 3.V The PDP gauge indicated a pressure of 3,5 x 
1 0* torr at 1 26 hour MET when the doors were temporarily 
closed (Reference 4), Also, this instrument indicated that upon 
reopening the bay the pressure returned to a value of about 2x 
10“' torr in about 5 minutes. The nonnal ambient pressure at 
the STS-3 orbit of 241 km is 2.2x 30’/ torr (Reference 10). 

The pressures at 2:35 and 167 MET have been connected 
with a straight line. The inclination of the line represents the 
pressure drop with time and the rate of outgassing drop with time. 


The slope of the line which happens to be close to 1 , indicates an 
outgasdng rate decaying with the first power of time. This decay 
rate is theoretically and experimentally found to occur when 
many materials of different chemical nature outgas simultane- 
ously. The resulting pressure for closed doors and normal 
temperature, is given by 

P^t) = 2.32 X 10-^ r* (toir) (1) 

where t is in hours. 

The pressure with the bay doors open has also been shown in 
Figure 2, It has been obtained by considering that when the bay is 
open the vent area is about 86 m^, considerably more than 
0.48 for the closed doors. The ratio of the vent areas is also 
the ratio of the pressures with the open and closed bay doors. The 
open bay pressure will be about 5.58x10“^ of the close bay pres- 
sure and, at 2:35 MET upon opening the doors, the pressure 
should be about 5.02x10-® torr within less than 5 minutes. The 
outgassing pressure will continue to drop from that initia) lyalue 
according to the decay rate found for the closed door cor aitions. 
The pressure in this case is given by: / 

^ x 10“^ t“^ (torr) (2) 

which is valid from t > 2:40 (2.66) hour MET. This outgassing 
pressure drops below the normal ambient pressure of 2.2x10"^ 
torr corresponding to the STS-3 orbit, after about 50 hours MET. 
The total bay pressure, however, is the sum of the ambient and the 
pressure produced by the outgassing. The contribution of the am- 
bient becomes noticeable when the outgassing pressure is in the 
same range wd. as shown in Figure 2, the bay preswre will be 
about 5x10“^ torr at 50 hour MET and 2.5 -3.0x10“' torr after 
188 hours. These pressures are in good agreement with the PDP 
measurements of the pressures after thrusts firing at 97 hour and 
thvii dwrs opening and closing at 127 and 167 hours MET, The 
contribution of the ambient pressure can vary according to the 
orbit, the solar activity and the relation of the Shuttle bay with 
respect to the velocity vector. The outgassing pressure will vary 
according to the outgassing materials temperatures. The Shuttle 
attitude with respect to the Sun, the length of the exposure time 
and the material characteristics determine the temperatures. The 
outgassing pressures of Figure 2 and the other related parameters 
have been assumed to be produced by materials at 20C. Those 
parameters can be modified to account for temperature changes. 

It is reasonable to assume that they may change by a factor of two 
for each IOC temperature variation. This reflects a weU known 
rule of thumb based on Arrhenius factor for reactions requiring 
about 10 kcal/mole activation energies. 

When the bay is in the direction of the velocity vector, the 
ramming ambient pressure as measured by an instrument in the 
bay is about two orders of magnitude hi^er than if no ramming 
occurred. The ramming pressure increase will be detectable if the 
outgassing pressure is sufficiently low or it is in the same range of 
magnitude. The PDP aauge on the STS-3 measured a total bay 
pressure of about 10’^ torr at about 5 hours MET when the bay 
was in the velocity vector. At that tiine, the outgassing pressure, 
as shown In Figure 2 was about 2x10"® torr. The ram pressure can 
be predicted (Reference 1 1) by the relation: 

Pr - 4Pv,(v/u)2 ( 3 ) 

where P^ is the normal ambient pressure, v ^ 8 km/s is the ram- 
ming velocity and u is the ambient gas velocity. The velocity of 
the oxygen is about 1.5 km/s and that of the nitrogen about 
1.6 km/s at the STS-3 orbit. These values substituted in the above 
indicate that Ff « 1 12 P^p and for the orbit normal pressure of 
2.2x10“^ torr, the ramming pressure is 2.5x10“® torr in close 
agreement with the measured pressure. The ramming effect on the 
outgassing is to increase the pressure near the outgassing surface 
by a factor of 2 or 3 as a consequence of molecular reflection 
(Reference |2)* 
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The firing of the Shuttle L2U, PRCS engine at 97 hours MET 
produced a bay pressure of about 3xlCT^ torr as recorded with 
the PDP gauge. The bay pressure returned to about 3x10"' torr 
after 7 minutes from the cessation of the firing. This was the sin- 
gle firing event in all of the STS missions which has been recorded 
to produce a pressure Increase and a temporary accretion of about 
175 ng on the 30C TQCM. That deposit dissipated with a time 
constant of about 15 minutes. There are some indications that 
more than one engine may have been fired during this event. The 
pressure produced by the engine firing has been shown li fa spike 
in Figure 2. The duration of the firings, the time needed to return 
to normal pressures, and the frequency of firings will Indicate the 
periods when protection against contamhuition and other observa- 
tional restrictions are necessary. 

An estimate of the normal gas composition in the bay was 
obtained from the M/S measurements on the STS-3 and STS-4 as 
reported in References 1 , 2 ^^4 and 13. Table 2 shows the per- 
centage compositions, reco.. << j in the STS-3 with the bay doors 
open and closed at 7 hours and 167 hours MET, respwtively. The 
H 2 O partial pressures measured on the STS-4 with the bay door 
open at 5 and 140 hours MET are indicated as is the composition 
of the RCS engine firing obtained during the M/S mapping of the 
STS-4. From these, it appears that the outgasdng composition 


TabliO. lECM mass ^trometer measurements of the gtaeous 
environment in the shuttle bay 


CTS-3 




7.2 hrs^ 

167 hrs 

94 hrs 

AMU 

Gas 

Bay 

Bay 

RCS Engine Firing, 



Open 

Closed 

BayOpen 



(%) 

(%) 

(%) 

2 

Hj 

— 



4.2 

4 

He 

24.9 

18 

_ 

16 

CH4 

5.5 

3.53 

_ 

18 

H.O 

NH 3 

1.6 

3.3 

23' 

17 

— 

- 

Trace 

28 

N 2 +CO 

65 

73 

70 

30 

NO 

0.05 

_ 



32 

O 2 

0.03 

0.41 

— 

40 

Ar 

1.4 

1.21 

-- 

44 

CO 2 

1.5 

0.07 

Trace 

45-150 

Hyd. Carb. 

0.02 

0.1 5^^ 



H 2 O count rates in the Open Bay of the STS-4 indicate partial 
pres of 7.7x10"^ and 1.5x10“^® torr at about 5 hours and 140 
hours MET. The H 2 O time constant (1/e) was about 10 hours. 

^Mission Elapsed Times 
♦♦Includes a Large Freon Leak 


may consist of less than 3.3 percent of HjO, and less than 0.15 
percent for materials with 45 to 150 amut With regard to file per- 
centages of the high ainu materials, one can reason that many of 
the materials in the bay are of the same nature of the polymeric 
materials such as the adhesive RTV-566, the paint S-13G and 
other similar materials. The vapor pressure of these materials 
(Methyl Phenil Trisiloxane) at normal temperatures is about 3 x 
10 “® torr (Reference 5) which would be maintained in the bay 
with closed doors. This partial pressure when compared to the 
measured total pressure of 8.2x10"® at 167 hours MET, with 
closed doors indicates that the outgassing fraction of theae mate- 
rials would be 0.36 percent. With the bay open, the above partial 
pressure would be less and the fraction of these componatitiwould 
approach the value 0,02 percent measured with the doors open at 
7 MET. One may assume, therefore, that the contaminant partial 
pressure is about 0.1 perptent of the total pttmft, at att'lfene. This 
is in accordance with the material selection criteria whi^ itotes 
that materials for space use should produce not more thin 0.1 per^ 


cent Volatile Condensable Material on a 25C collector when the 
sample material is at 125C for 24 hours in a vacuum. 

In sunimary, the pressure as a function of time in an empty 
Shuttle bay has been constructed based on measurements and 
other considerations. The bay pressure shown in Figure 2, can be 
the basis for the evaluation of the total pressure and other gaseous 
parameters for payloads in the Shuttle bay. The payloads pressure 
will be the sum of the Shuttle, the payloads and the natural envi- 
ronment induced pressures. The content of tlic H 2 O and of the 
heavy molecular mass materials in the total outgassing have been 
indicated as well as the suggested correction for temperatures 
other than the 20*C. The density, the scattered fluxes and the 
column densities can derived, from the bay pressure and the 
nature of the outgassing, as indicated below. 


Density In and Above Bay 

The molecular density at the measurement location, for iso- 
tropic conditions and constant temperature, is given by 

n(t) « Kt)/KT (cm-3) (4) 

where P(toCT) is the pressure, T(R) is the gas temperature and K = 
1,04x10"* 9 (torr cm^/mole ®K) is the Boltzmann constant. The 
density corresponding to the outgassing pressure of Figure 2 has 
been plotted in Figure 3. The molecular density of each outgas- 
sing component is in direct proportion with the fraction of that 



Fig, 3 STS-3 bay density and STS baseline empty bay 
density at 20®C. 
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show the densities st 3 houw, 10 hours and 1(» hours 
function of distance. They ri»ow that at about 10 meters f*®”? ** 
bay tte denaty (and pressure) is more than an orfer of 
lower than thrt at 1 m. The equation employed to calculate the 
drop is from Reference 12, 

(5) 


n/n^ = 3/2 (exp(-4oR/Xo) 


oihoro a B x/R with X. (m) being the distance rrom the surfaw of 

1 n2 m ffaa mean fit» psth at 241 km and n^ is the aensity at 
Z o“ Kter thah 200 km and for the range of 

™dh^ hem the dro^^ with distance are approxi- 

mately the same as those shown in this figure. The mass denaty, 
Wi niven by a - n(M/N) where M is the molecular mass 
(^moUt) Ind^ = 6 . 023 xl^molec/grmole is tte 
iSr. The molecular mass densities for each species can be obtained 
in the same manner a« for the molecular densities. 

Direct Gaseous Fluxes 

The incident molecular flux on a 
random motion of the gas molecules is given by 


the substitution for the yelocity y, the flux is 

0 p(t) = iKt) ((KT/2irm)^l (cm'^ s-‘) ( 6 ) 

where n(t) (cm'^) is the gas density, m -M/N 

molecular mass, TOO the gas Hux 

(erg/mol’K) the Boltzmann constant. The emp^bay diwt iiw 
f^a temperature of 293K and for nitrogen gas (M T “ “ 

Dlott^ taPigure 5. The flux of HjO molecule^ w^ the H 2 O 
molecules being about 3 percent or the total outgassing, can be 

aiinrM at temoerature Icjw than 30®C were reported to Imve 
fmm n to 1 0x10” * gr/cm^/s on the STS-2 flisht» from 0 
to 4 9x10^ ^ for top sun conditions on the STS-3 Md ^toly 
Khe ^S-4 flight (Reference 1), Calculations usmg the fluxes 
Sf £?5 for rlnaiM - lOOgr/mole and fortheO^.j p^nt 

pres^, indicate that foe MET 

LursMET and9xl0'^^ gr/cm^/sat 150 hours MET. 


Scattered Fluxes 


The return fluxes produced from foe scattering of emit- 

ted moletSar fluxes ^nwith the ambient molecules and p^cles 
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(Reference 12): v 

0R = 0D V t + 01 -- 21 (R/\j) ^ (7) 

where R 2.4 m is the hemisphere radius assumed for the Shuttle 
bay, Vg * 8 km/s is the orbit velocity and vj) « 0*4 km/s is the aver- 
age velocity of emitted molecules. The return fluxes out of the 
total direct flux have been calculated for 241, 300, 400, 500, and 
600 km orbits. They have been shown in Figure 5. The return 
flux of H^O molecules at 241 km orbit has been calculate to be 
about 2x10^^ (cm"^ s“*) at 2:35 MET and about 1x10* * at 150 
MET. These compare to the water ini^ return flux of 10*^ min 
to 10^^ max and fluxes of 10^ ' to 10*^ at the end of the flight 
for STS-2, 3 and 4 (Reference 2). The scattering of the outgassed 
molecules among themselves is about three orders of magnitude 
less than the direct flux and less than the return flux at 240 km 
orbit, it can be estimated (Reference 14) using the equation 

= 1.78x10-2 (aR/vp) ^2 (cm-2 »->) (8) 

where o (cm^) is the average cross section of the outgassing mole* 
cules and the other symbols are as defined previously. 


Column Densities 

The molecular column density (cm“^) or the mass eohimn 
density M^ (gr/cm^), representing the number of molecules or the 
mass of all the molecules in a column 1 cm^ extending from the 
bay to infinity can be estimated using (Reference 1 5) the rdations 

Nc = ( W ^ ^ (cm“2) (9) 

where all the terms have been defined previously. The baseline 
column density for the Shuttle resulting from the measured pres- 
sure in the bay, has been shown in Figure 6. The criteria few the 
Shuttle to produce a column density of less than 10* ^ cm"^ water 
molecules is seen to be met after 3 to 4 hours MET. This is ob- 
tained when considering that the water is about 3 percent of the 
total column. The column densities in Figure 6 ame with the 
measured maximum and minimum values of 3xl(?^ and 4x10*** 
cm“^ reported in Reference 2 for flights STS-2, 3 and 4, The 
column density during engine firing is expected to be approxi- 
mately 2.3x1 0^^ cm^. 


In Orbit Shuttle Bay Particulate Environment 

The particulate environment in the bay will be dictated main- 
ly by the Shuttle surface conditions which existed duringrgtound 
operations and immediately before launch. The surface conditions 
on flights 1 to 6 which were inspected according to cleanllhesi 
level 1 and did not benefit of the OFF improvements, were esti- 
mated to correspond to class 300 for small particles and 750 for 
large particles. The particulate volumetric conditions in the bay 
during the eariy hours of flight were measured with the cascade 
impactors. They indicated conditioAs equivalent to those of clean 
room class 1 0OK. The camera photometer also indicated that after 
1 5 to 1 7 hours the number of observed particles in the bay were 
about two orders of magnitude lower than those observed 2 to 7 
hours in the flitfit (Reference 2). These measurements seetti to 
indicate that in the early hours a particulate envlronmenirti cre- 
ated in the bay by the release of the partklei which were Oti the 
surfaces on the ground. These particles eventually re-seftHs on the 
original surfaces or on other surfaces. The settling may produce 
surface deposits corresponding; to class 300-750 or larger on sur- 
faces which had been cleaned or were clean before launch. It is 
also apparent that any surfttce on the ground which has n^t been 
cleaned can beepme ^e source of contamination of a cieah surface 
and the extent oif the contamination may be of the same* magni- 
tude or larger of the noncletn surface. It may be expectaM'tiiat an 
unprotected surface in the bay under the present ground Cleaning 
conditions, raty become a minimum of 2.7x10"^ percent (clast 
30(^ to more than 2.6 percent (dais 750) obscured whUt ln orbit. 



Fig. 6 Column densities vs. tiine for baseline STS bay. 


The residual number of particles in the environment after 15-17 
hours in orbit is reported to be such that a telescope with l*FOV 
would detect one particle of 25 fim or larger diameter every two 
orbits. It was also indicated that after the same period of time, 
5 tars as faint as the 10th magnitude are visible and the observa- 
tions are not impaired by particle radiations. 

The dumping of excess water generated at the fuel cells 
occun periodically. The water dumping rate is about 68 kg/hr 
and lasts usually about an hour. Some of the water is used for 
cooling and is rejected as a vapor via the Flash Evaporator System 
(FES). None of the 25 FES dumps carried out during three mi^ 
sions have been detected by the lECM M/S. Only one at 1 1 .8 
' hours MET of the STS-2 was correlated with the M/S and no iiw 
crease in ntum flux was detected (Reference 2). However, during 
the direct water dumps, the particulate counts in the camera pho- 
tometers frames are very hi^ The scattered light from those par- 
ticles have limited the photometer exposures to less than one 
second. The number of particles counted in the one second expo- 
sure iuve been more than one hundred immediately after the 
dump. The count shows leu than 10 particles about 12 minutes 
after termination of the dump, and full observation can be re- 
sumed after about 25 minutes. It is apparent jlhat to avoid water 
condenution, surface damages and particulate deposits, cryosi^r- 
faces, mirrors and other critical surfaces should be protected d ur- 
ing and for a period of time after a water dump. 

In summary, the particulate environment of the <^huttle bay 
appears to have theae characteristics: ( I) it corresponds to a clean 
room class lOOK during the first 17 hours of flight; (2) the settle- 
ment of the pai^c^ates on the surface after the 17 hours may 
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pro 4 uce obscurations of 2.6 percent or more cbiresponding to 750 
suiface cleanliness levels; (3) protection of surfaces and instru~ 
ments is needed du^ and after H 2 O dump for a period of about 
1 S minutes; (4) optical observations can be resumed after about 
25 minutes after the dump; (5) background brightness from parti* 
cies is not detectable in the visible region of the ^ctnun aft^r 1 5 
to 17 hours MET (with exception of H 2 O dumps); ( 6 ) the lECM 
measurements appear to indicate that no problem will exist in the 
UV and IR regions with the exception of the uiunp period and the 
early 17 hours of flight* However, measurenier/ts have not been 
made in those regions. ^ 

Natural Environment — Oxygen and Glow/Material Degradation 

Atomic oxygen pre^nt in the earth extended atmosphere 
appears to cause measureable changes in the properties of several 
materials in the spacecraft which are exposed to its flux for a few 
days. Kapton in^ations, silver Aims, aluminum, osmium coating 
and other materials are significantly affected by oxygen. These 
materials show thickness losses which have been correlated (Ref- 
erence 16) to the oxygen fluence and to an empirically derived 
reaction rate constant. The rate constant K(cm^atom) varies 
with tlic materials ranging from about 0.46x10"^^ forTedlar to 
3.3x1 0 “^^ for Kapton and does not appear to change at the oper* 
ating temperatures being experienced in orbit. It also seems to be 
unaffected by the relative location of the material with respect to 
the spacecraft velocity vector. The loss of thickness of these 
materials can be estimated using the following: h = n^jV^t K(cm) 
where n^ (atoms/cm^) is the ambient oxygen density at flight alti- 
tude, Vjj (cm/s) is the s/c velocity, t(s) is the exposure time of the 
material to the oxygen and K is the reaction rate constant. It is 
thought that the same process producing a loss of materials may 
be re^onsible for the cleaning of some surfaces. This cleaning 
may involve a process of converting chemically some outgassed 
complex molecules to lighter molecules or to atoms which are 
volatile. 

Another process noted during these flights and requiring 
additional investigations is the presence of an opiicai emission sur- 
rounding the veiricle surfaces exposed to the ram direction. The 
glow from these emissions competes in intensity with bright stars 
and as such it is an optical contaminant and modifier of the envi- 
ronment. The process producing the glow is unknown at the pre- 
sent time, but it has been conjectured that excited states of the 
hydroxyl radical (OH) and certain states of molecular oxygen and 
nitric oxide may be responsible. The glow appears to have a dif- 
fuse spectral component in the spectral region of 6300 to 8 OOOA 
(Reference 4). 
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' Payloads Environment In the Shuttle Bay 

The inclusion of payloads in the Shuttle bay modifies the 
baseline Shuttle environment developed and described in the pre- 
vious pages. The additional outgassing and particulates contribute 
to the modification of the environment. The resultant enviion- 
ment provides the data for the evaluation of contamination haz- 
ards internally and externally to the payloads, and the evaluation 
of the visibility and interferences in their fleld-of-view. It also 
controls the rate of pressure drop and the ultimate pressure achiev- 
able inside a payload. The application of the baseline Shuttle en- 
vironment to the development of the payload's environment in the 
bay will be employed for the evaluation of the Space Telescope 
(ST) environment in the Shuttle bay. This particular application is 
not only important for its future use, but it also makes use of the 
development carried out in another document (Reference 5), of 
methods for the evaluation of payloads produced environment. 


Pressure and Other Gaseous Parameters in the 
Shuttle Bay Carrying a Large Payload (ST) 

The pressure iii the bay increases in proportion to the addi- 
tional sources of outgassing. The outgassing of the payloads can 
be obtained from vacuum chamber tests knowing certain parame- 
ters of the system or by a combination of tests and analytical 
evaluation of the outgassing contribution of certain elements of 
the payload (Reference 5). In the casq of the ST, the thiou^put 
was obtained from the vacuum chamber test of one of the instru- 
ments, complemented by estimates of the outgassing of other ele- 
ments based on sample material tes^. That estimate which was 
used to calculate the internal pressure of the ST assuming a sufft- 
ciently low external pressure is indicated in Table 3 in terms of the 
individual contributions. The total outgassing throughput is given 
by 

Q » 72 + 6.81e“*/®*27 + 12.6 e’*/^ (torr“fi/s) (10) 

where t is the time in hours. 

The pressures which this throughput will produce in the bay 
m a function of the bay conductances. These were previously 
indicated to be about 4^x10; 1/s when the bay doors are closed 
and to be about 8.6x10® I/s with the bay open. These ST pressure 
contributions in the bay have been shown in Figure 7 together 
with the basic Shuttle bay outgassing pressures. The payload con- 
tributions are; 


Table 3. Major outgassing sources of the Space Telescope. 



Quantity 

Surface (cm^) 

Weight (kg) 

Outgassing Rate 
(tofr*/s);T(hr) 

Notes 

Instruments 

8 


-318 ea 

48/t 

Data from FOC T/V test Ref. 
CCWG 12/80 

Aft-shroud paint 
(Z-306 + 9992) 

— 

1.43x10® 

/ 

2 . 8 x 1 02 

From te;;t sample data of 
MMCAGSFCRcf.tXWG 
12/80 

Telescope tube paint 
(Z-306 + 9992) 

- 

2.06x10® 

- 

4.01xl(P e'*/®^7 

Same as above 

Structure ICFRP(GE)J 

■ 

- 

- 

516 

12.6e-‘/3®-< 

From test on 20 lb by MMC 
Ref. same as above 

Multilayer insulation (double 
aluminized Mylar 6.3S fim 
thick) 

5000 

1.42x10*® 

- 

t 24/t 

From LMSC tests Ref. 
J.VacCTVol. 17(3)6/80 
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for closed bay ; 


Pp - QM.SxlO* 

(torr) 

(11) 

and for open bay; 



Pp =» Q/8.6X10* 

(torr) 

(12) 


where Q is given by Equation 1 0. 


The pressures in the bay produced by the material outgassing 
of the Shuttle, Equations 1 and 2, and of the payload, Equations 
1 1 and 12, are the sum of the two i,e. 

for closed bay, 

P » Pp + Pg » (l.Sxl0‘^ f* + 1.41x10"^ 

+ 2.62xl(r^ + 2.32xlO"^ r* (ton) (13) 

for open bay, 

P « (8.31x10"^ +7.97x10“”^ ^'‘^1027 + 

+ 1.46x10*^ 1.33x10“^ (torr) (14) 

These pressures affect the natural environment and cause contam- 
inations and obscuration. In addition to the outgassing pressure, 
one must add the natural environment pressure which is a function 
of altitude, of solar activity and attitude of the bay with re^ct to 
the velocity vector. The total bay pressure Py la then 


Pj » Pp + Pg ■** nPg 

where Pr is the natural pressure and n may have a value of one or 
n = 4 (v/u)^ = 1 12 as previously indicated for the ramming condi- 
tions. It ^ould be noted that the pressure of the environment 
nPp is noticeable only when the two other pressures are in the 
same range of value i.e., when the outgar.dng has become suffi- 
ciently low. In Figure 7, the pressure Pp produced by the ST, and 
that of the Shuttle Pg have been shown individually. Their sum is 
shown with heavy lines. With regard to the ambient pressure, the 
ST will orbit at an altitude of 560 km or higher. The normal 
parameters of the ambient at 560 km are: 

Pp “ 9.97x10“^® torr,XQ - 1.8x10^ m, 

p * 1.67 Pq, M = 12.8g/gmolc 

This pressure has a limited effect when the bay is in the wake re- 
gion. It will influence the total pressure when the outgassing pres^ 
sure is in the range of 10"® to 10"^ ton, le., after many hours in 
orbit. On the other end, if the bay is in the i^m directiM, the 
environment contribution will be nPg = 1 12x9.97x10"^ ■ 1.1 lx 
10"' torr. The total pressure in whii% the ST will be im;iierscd at 
560 km with the bay in the ram direction can be expressed, for 
open bay conditions as 

Pj = (8.31 xlO"^ t“* + 7.97x10"^ Q-tfOn 

+ 1.46x10"® + (1.33x10"® t"^) 

+ 1.11x10“'^ (torr) (15) 

and for closed bay: 

= (1.5xl0‘^ t*‘ + 1.41x10"^ 

+ 2.62x10-^ e-*/*'*) + 2.32x10-3 f-1 

+ l.lixlO-’ (ton) (16) 

It is apparent that for closed b^ conditions, the environment 
pressure is a very small contribution for a long time. At this time 
it seems appropriate to make a digression. Comparing the total 
pressures calculated above with the internal pressure of flic ST cal- 
culated assuming zero external pressure (Figure 3 of Reference 5), 
one finds that the internal pressure is always ab^jut two orders < f/ 
magnitude higher than the external when the bay is open. This ^ 
implies no limitations on the rate of ST internal pressure drop, On 
the other case, when the doors are closed, the ST internal pif^sure 
is controlled by the bay external pressure. This suggests that the 
ST should be released from the bay within 4 to 5 hours^fter being 
in orbit if one wishes to avoid delays in the internal pressure de- 
cay. The other observation is that wlren the RCS en^es are fired, 
the pressure in the bay is about 4x10"^ torr. This pressure is 
higher than the ST internal pressure after the ST has been In orbit 
for 20 to 30 hoius. Consequently, a firing after 20 to 30 hours 
MET would produce a back flow of gases into the ST. 

The additional characterizations of the payload environment 
are obtained from the total pressure using Equation 4 for the 
density, Equation 6 for the direct flux, Equation 7 for the return 
flux and Equation 9 for the column density. One may asKune for 
simplicity that the gas consists of nitrogen at normal temperature. 
Thr parameters applying to each gas component can be estimated 
by using the gases composition fractions indicated in Table 2 for 
the Shuttle bay. The effect of temperature can be accounted us- 
ing the rule previously suggested. The graphical presentations of 
the density, direct and return flux, and column density for the ST 
in the bay, have not been included in this paper. However, the 
ratio of the pressures in the bay with and without the ST u ob- 
tained from Figure 7, can be used to estimate those parameters u 
a function of time. Those ratios applied to the readts for the 
empty bay in Figures 3 to 6 provide the needed data. It is seen 
that the inclusion of the ST does not change drastically the 
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baseline environment. The fractions of the direct flux which can 
be used to estimate the deports of contaminant, the column den- 
sity and the return flux can be estimated, as previously indicated, 
by: 0 = 2.64x1(H 0n(t) for M * 400 gr/molc and 0 = 3.74x10-^ 
0 j)(t) for water M = 18 g/mole, where 0|)(t) represents the total 
flux as a function of time. 

The evaluation of the contaminaiii deposits can be predicted 
using the inpinging flux data as obtained here and using the meth- 
ods indicated in Reference 5. For example, for the ST it is seen 
from the pressure curve for open doors, Fl^re 7, that a material 
M - 400 which would have a partial pressure of 10"^ of the total 
pressure (P^) can deposit on a surface at 20®C (Psat ® 3x10“^ torr) 
for only about 2.5 hours when the inpinging flux on the surface 
will be greater than the evaporating flux of the same material from 
the surface. Water (P^^ = 17.5 torr at 20®C) can condense only 
during the flrst.few mmutes, hence, any water deposit on normal 
temperature surfaces must involve an adsorption process. The 
acceptable H 2 O column density of 10^2 above the bay for 
the ST will occur 10 hours MET. 


Particulate Environment of Payloads 

The number and distribution of particulates on surfaces and 
the NVR deposits will depend on the environmental conditions to 
which the payload (P/L) and the Shuttle were exposed, and on the 
frequency, effectiveness and timing of the cleaning operations be- 
fore launch. A visibly clean P/L (visibly clean according to any 
of the definitions of Table 1) installed in the Shuttle bay which is 
expected to be clean as per visible clean level 1 , may end up having 
the surfaces covered by particulates corresponding to class 300 to 
750. The particulates from the Shuttle bay will create in orbit an 
environment which is equivalent to clean room class 100 K. The 
eventual settling after 15 to 17 hours in orbit of these particulates 
on any surface in the bay will produce the cleanliness level of the 
order of 300-750 or more. If the surface conditions of a P/L are 
the same as those of the Shuttle, the P/L may end up more con- 
taminated than it was originally. It is reasonable to assume that 
additional particles from the P/L surfaces will not alter signi- 
flcantly (not by order of magnitude) the volumetric particulate 
densities (cleanliness class lOOK) in the bay. The settling distribu- 
tion and the number of particles on a unit surface should remain 
about the same. One may conclude that for the present unim- 
proved OPF and the standard visibly clean level 1 infection, a 
payload surface in orbit may be described to have cleanliness level 
of about 750 and that unprotected optics become degraded by as 
much as 2 percent by those particulates. 


Results 

A generalized baseline environment of the empty Shuttle bay 
has been developed and characterized by its pressure, density, 
column density, scattered fluxes and surface particulates coverage. 
This baseline environment combined with the self-generated envi- 
ronment of the payloads and that of the natural environments can 
be used to derive the parameters needed to evaluate the visibility 
limitations, the contamination hazard and other ambiental condi- 
tions of importance to a P/L mounted in the Shuttle bay. The 
estimation of the Space Telescope environment in the Shuttle has 
been used as an example of flie application. For that example, the 
ST self-generated gaseous environment was available from a pre- 
vious study carried out to define the in-orbit ST internal pressure 
and contamination. The empty Shuttle environment has b'len de- 
rived from discrete measurements of different parameters made 
with instruments mounted in the bay of the first four Shuttle 
flights. Those missions were evaluating, among others, the various 
systems without any concern for the ameliorization of the envi- 
ronment. These measurements combined with theory have pro- 
vided a description of the environmental parameters and criteria 
which may be used to evaluate the gaseous and particulate condi- 
tions of a payload in the bay. The results which have been presen- 
ted in Figuies 1 to 6 and in Tables 1 and 2 are as follows: 
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(a) The Basic Shuttle Environment 

• The pressure in the bay which includes monitoring insto- 
ments and is at normal temperature, drops to about 10 *^ torr 
after 2 hours in orbit while the bay dbors are closed. With the 
doors closed, the pressure I i^ould drop to 10 *^ torr after 2 C 0 
hours. With the bay being opened, the bay pressure drops 
between two and three orders of magnitude (1/178) and is 
about 1 x 10 *^ torr after 100 hours. 

• The lowest pressure attainable in the bay is dictated by the 
ambient pressure and the direction of the bay with respect 
to the velocity vector. At 241 km (STS-3 orbit), the normal 
ambient pressure is 2.2x10"' torr. This pressure in an empty 
bay not in the velocity vector, would be reached in about 
200 hours. For a bay in the velocity vector, the rammed 
ambient pressure produc^ a pressure about 1 12 times the 
normal or about 2.4x10"^ torr. In the early hours of the 
mission, the ram pressure could be increased noticeably by 
the initial high outgassing pressure. 

• The gaseous composition in the bay may include about 3 per- 

cent H 2 O and probably less than O.l ^rcent heavy molecular 
comp^ents. ’ 1 "^ / 

• The density and pressure above the bay is about 1 order of 
magnitude lower at 10 meters distance. 

• A total column density of 10^^ (cm"^) exists over the bay 
after about 10 hours in orbit. However, the acceptable H^O 
column of 10^^ (cm"^) is established after 4 hours in orbit. 

• The random flux of H 2 O molecules is about 1.1x10"^ gr/ 
cm^/s when the bav is opened and drops linearly to about 
6x10"^ ^ gr/cm^/s wter 100 hours in orbit. Correspondingly, 
the flux of molecules having M » 400 tf/mole drops from 
about 1.7x10"*® to about 1.05x10"“ gr/cm^/s. 

• The indirect return fluxes are dependent on the orbit and 
solar conditions. At 241 km orbit, the return under normal 
conditions are approximately 7.2 percent of the above ran- 
dom fluxes. The percentage drops inversely with the ambient 
mean free path. 

• The firing of tlw RCS engines may increase the bay pressure 
to about 3x10"^ torr. The engine effluent contain about 30* « 
percent H 2 O and traces of NH 3 and Cp 2 ^ This high pressure 
which can be deleterious to hijb voltage experiments and to 
the internal pressures of instruments drops to the normal bay 
pressure after 7 minutes from the termination of the firing. 

• The particulates carried in orbit by the Shuttle and other gen- 
erated particles create in the bay an environment equivalent 
to air cleanliness class lOOK clean room. The settlement of 
these particles after about 15 to 17 hours in orbit produces 
surface deposits of about the same cleanliness levels existing 
previous to launch. These levels are desbribable by product 
cleanliness level 300 for particles < 25 Mm and level 750 for 
larger particles. The deposits can produce reflection and 
transmittance losses of less than 2 percent. These deposits re- 
sult flom the unimproved ambiental conditions at KSFC, 

OPF facility and from the cleaning inq>ection procedure de- 
scribed as Visibly Clean lovel 1. 

• The background brightness ttom particles and molecules is 
not detected in the visible and probably in the UV and IR 
regions (no measurements, however, have been made in these 
regions) after 15 to 17 hours in orbit. This reflects the fket 
that particles will be settling. 

• The direct dumping of excess H 2 O produces a large number 
of ice particles. The icafleied light from these parfides limits 
severely the optical observations ftom the bay. The particu- 
late level drops about an order of magnitude within 10-12 
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minutes and full observations can be made after about 25**' 
minutes. 

(b) The Payload Environment in the Shuttle Bay 

The payloads envirr^nment can be evaluated by combining the 
Shuttle basic environment with the payloads self-generated envi- 
ronment which can be obtained from vacuum chamber tests, and/ 
or, a combination of tests and theory. One can calculate the addi- 
tional pressure in the Shuttle bay knowing the gaseous throughput 
and the Shuttle vent conductance. The other parameters are then 
obtained from the known total pressure and kinetic theory rela- 
tionships; With these parameters and a knowledge of the environ- 
ment ch^cal composition one can evaluate the payloads internal 
and external contamination deposits, the observational constraints, 
and the limitations imposed on some instruments internal venting. 
The above technk^ue has been employed to estimate Hit environ- 
ment of the Space Telescope in the bay. The gaseous throughput 
of the ST which was available from another study is equivalent to 
the throughput of several payloads. As such, the ST environment 
in the bay will approximate closely the environment to be expec- 
ted in the Shuttle with a full complement of payloads. Some of 
the results are as follows: 

• The pressure, density, fluxes and column densities in a Shut- 
tie bay cont^ning several payloads, are expected to be two or 

) three times higher than those for the empty bay. This was 
bbtained by including the outgassing of the ST whieh in- 
eludes its paint, structure uid eight equhralMt full instru- 
ments. The bay pressure will be about 7x10"® and 3xl(T' 
to?r after 4 and 100 hours iii oibit, respectively. These com- 
pare to 3x10"° and 1 .2x10"' torr for the Shuttle without 
payloads (but including measuring instruments). 

• The contaminant fluxes assuming the composition of 3 per- 
cent water and 0.1 percent gas of molecular mass of 400 g/ 
mole, will be again about 2 or 3 times higher than the empty 
bayfluxes or 2.5x10*^ gr/cm^/s for H 2 O and 3,9x10^*® gr/ 
cm^/s for M = 400 upon opening the bay doors. TOeae will 
become 1.1x10"^® gr/cm^/s and 1 .9xl()"^ ^ gr/cm^/s rfter 
100 hours in orbit. The rate of drop of the pressure and of 
the other descriptive parameters are not linear with time but 
are a combination of several rates. 

X 

• The return fluxes will be about 2.8x10"^ of the direct fluxes 
at 560 km altitude, whkh is the orbit of the Space Telescope. 

• The total column density over the bay is about 2.2x10* ^ 
(cm"^) after 10 hours and 2.2x10*^ cm“^ after 100 hours. 
The water column density of 10** will be available after 6- 
7 hours in orbit. 

• The pressure and density drop by an order of magnitude at a 
distance of 10 m over the bay. 


when the firing is carried out when the ST telescope door is 
open or if the firing is made about 10 hours after launch and 
the ST aperture door is closed. 


With regard to the payloads particulate environment two al- 
ternative conditions exirt: a payload was protected during ground 
operations and is clean at launch while the rest of the Shuttle and 
other payloads have received limited cleaning attention; or the 
opposite situation exist at launch. In either case a clean surface in 
the bay may end up being contaminated by particulates. j /■. 
numlw and distribution of the particles on the lurface^T^v , - 

equal or worse than the dirty surface in the bay. y * 

the particle environment described foathe basic Shv 
also applicable to the payloads. For the unimprovc ^ \ 

facility and for an infection described by the visibt ^ > 

one may have: i ^ v • 


a payload will be exposed for about IS to 17 hours 
orbit to an environment corresponding to clean room class 
lOOK. 


• the redistribution of particulates during that time will pro- 
duce surface coverage described by cleanliness level 300 for 
particles less than 25 iim and class 750 for large particles. 


• A payload optical surface may acquire a loss of reflectivity 
a^ transmittance of less than 2 percent. 

• Dumping of H 2 O produces a large number of particulates 
which precludes observations during and for a period of 
about 25 minutes after the dumping. 


• Visible region observations are not affected by background 
brightness of particle and molecules except during the eariy 
15 to 17 hourvi the water dumps and the engine firings. Al- 
though tests have not bee^ made, it is probably that UV and 
IR observations are also nol affected during the same periods. 


Conclusions 

The genera] conclusions which transire from this analysis are: 

The payload gaseous and particulate environment in the Shuttle 
bay is not substantially different or more objectionable than the 
self-generated environment of a large payload or spacecraft. How- 
ever, the environment is different during the following periods 
when the P/L may require protection and/or one should take cer- 
tain precautions: 

• during ground facility operations 

• for the flnt 15 to 17 hours of flight 

m while dumping water and for 25 minutes after 

• while the RCS engines are being fired and for 7 minutes after 


• The long term pressure in the bay is dictated by the natural 
orbit pressure. For the ST, at 569 km the normal pressure is 
about 9.97x10"* ® torr. This would be obtain^ after many 
days. However, with the bay in the relodty vector, the am- 
bient rat) pressure is about l.lxKT' torr which will be 
approached within 200 hours. The contaminant fluxes which 
originate from the outgsssing are not limiti^d by this pmaiure. 


The inclusion of a reasonable number of payloads with normal 
outgassing characteristics in the bay does not alter by wder of 
magnitude the basic Shuttle environment. 

The environment calculated for the ST may be representative 
of the environment to be expected for a ftill complement of pay- 
loads in the bay. 


• The bay pressure does not limit the venting of payloadi. The 
venting time constant of the bay with the clos^ doors la' 
fbout 7 seconds. For the ST, the bay doors should be open- 
ed after about 4 hours in orbit to prevent the bay presaurs 
for being the downstream controlling factor in the venting of 
the instrument. 


Other environmental difficulties such u material damage and 
optical emisaioiu of certain surfaces are common to a ftee flyer or 
a payload, when orbiting at the same altitude. 
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